Central-field loss necessitates the use of peripheral vision which makes reading slow and difficult. Slower temporal processing of letter recognition has been shown to be a limiting factor in peripheral letter recognition and reading. Previous studies showed that perceptual learning can increase the number of letters recognized on each fixation and is accompanied by an increase in reading speed. We hypothesized that improvement in temporal processing speed underlies the observed training effects. Here, we proposed an adaptive training procedure to focus on boosting the speed of letter recognition, and investigated whether peripheral reading would be enhanced by this training method. Seven normally-sighted subjects were trained with four daily one-hour sessions of a letter recognition task at 10°in the lower visual field in a pre/post design. During training, we adjusted stimulus duration on a block by block basis to maintain task difficulty near a pre-defined level of 80% performance accuracy. Stimulus duration progressively decreased with training, indicative of faster letter recognition at the 80% criterion. Following training, reading speed measured using a rapid serial visual presentation showed a substantial improvement in the trained (lower) field (41%) and the untrained (upper) field (27%), similar to the improvements observed from the training with a fixed stimulus duration. Despite being no more effective than the previous training, the adaptive temporal training method may allow individualized training, and may have advantages for clinical populations.
Introduction
People with central-field loss must rely on their peripheral vision to read. Peripheral vision is characterized by reduced visual acuity, decreased contrast sensitivity, increased letter-position uncertainty (mislocation errors), and crowding over a larger spatial extent. Reading speed in these people is consequently severely reduced compared to foveal reading in normally-sighted people (Faye, 1984; Fine & Peli, 1995; Fletcher, Schuchard, & Watson, 1999; Legge, Rubin, Pelli, & Schleske, 1985) . Since difficulty in reading is the most common complaint bringing people to low vision clinics (Elliott et al., 1997) , it would be highly desirable to develop an effective training method to enhance reading performance for people with low vision.
Although both perceptual and oculomotor factors may have a major impact on peripheral reading and are relevant to rehabilitation, our current study focuses only on the perceptual deficit.
In reading, the number of neighboring letters that can be recognized accurately without moving the eyes is termed the visual span (Fig. 1) . Empirical evidence indicates that this spatial constraint may impose a sensory bottleneck on reading speed in both central and peripheral vision (Legge, Mansfield, & Chung, 2001; Legge et al., 2007; Pelli et al., 2007; Yu, Park, Gerold, & Legge, 2010) . Several perceptual learning studies have shown that peripheral reading speed can be improved through the expansion of the visual span with extensive practice on a letter-recognition task (identifying strings of three random letters) in the normal periphery (Chung, Legge, & Cheung, 2004; He, Legge, & Yu, 2013; Lee, Kwon, Legge, & Gefroh, 2010; Yu, Cheung, Legge, & Chung, 2010; Yu, Legge, Park, Gage, & Chung, 2010) . Across several studies, training yielded an expansion of http://dx.doi.org/10.1016/j.visres.2017.06.005 0042-6989/Ó 2017 Elsevier Ltd. All rights reserved. the visual span by 0.7 to 1.9 letters, accompanied by an enhancement in reading speed of 41 to 66% (Chung et al., 2004; He et al., 2013; Lee et al., 2010; . In these studies, reading speed was measured using rapid serial visual presentation (RSVP) (see Methods for details) to minimize the need for eye movements.
Temporal processing also plays an important role in reading. It was found that the spatial extent of the visual span in peripheral vision increased with stimulus exposure time (Legge et al., 2001) . It would therefore seem plausible that if processing speed increased from training, the same spatial extent of the visual span would be achieved with shorter stimuli, possibly allowing for faster reading. In reading, one important factor determining reading speed is the duration taken to process the spatial information (such as letter identity and position) within each fixation (i.e. speed of information processing). In aged patients with central-field loss, there is significant association between slower processing speed of visual letter recognition and reduced RSVP reading speed (Cheong, Legge, Lawrence, Cheung, & Ruff, 2007) .
As people age, processing speed decreases, as indicated by measures such as slower reaction times (Salthouse, 1996) , possibly due to noisy brain processing arising from degraded sensory inputs (Mahncke, Bronstone, & Merzenich, 2006) . Central-field loss may be exacerbated by age-related changes. Compared with age-matched normally-sighted older adults, people with centralfield loss appear to have even slower speed of visual pattern recognition (Cheong, Legge, Lawrence, Cheung, & Ruff, 2008) . Fortunately, training has been found to be effective in boosting processing speed in older adults (Astle, Blighe, Webb, & McGraw, 2015; Edwards et al., 2005; Hertzog, Williams, & Walsh, 1976; Polat et al., 2012) . Improved temporal processing may underlie the training-induced improvement in many visual functions (Sterkin, Yehezkel, & Polat, 2012; Lev et al., 2014; Polat, 2009; Polat et al., 2012) . For instance, training central vision to improve temporal processing has resulted in faster reading speed (eye-movement based reading) for small print in presbyopia .
A similar mechanism may be true for perceptual learning in peripheral reading. Increase in temporal processing speed of letter recognition may underlie training-based improvements in RSVP reading found in previous studies (e.g., . In agreement with this hypothesis, a study showed that subjects with juvenile macular dystrophy exhibited traininginduced improvements in page reading that were correlated with shorter fixation durations (Nguyen, Stockum, Hahn, & TrauzettelKlosinski, 2011) .
Previously, we assessed the effectiveness of peripheral-vision training with the trigram (string of three random letters) task on a group of normally-sighted older adults aged 55-76 years . Although the training benefit was less pronounced than for young, normally sighted adults, training did improve peripheral RSVP reading speed among these older subjects. As we hypothesized, the training outcome might fundamentally be an increase in the speed of letter processing rather than the apparent spatial enlargement of the visual span. Since the speed of letter processing is significantly impaired in people with central-field loss (Cheong et al., 2008) , training may become more effective if it is designed to focus on improving temporal processing.
In the present study, we tested an adaptive procedure to focus on boosting the speed of letter processing, and investigated whether it would amplify improvements in peripheral reading speed. Two features of the adaptive training could be beneficial: 1) varying the exposure duration of training stimuli allows practice at multiple durations, which may help increase the speed of letter processing; and 2) adaptively adjusting exposure duration of training stimuli can help maintain task difficulty at a desired level.
A previous study showed that training on a sentence reading task resulted in greater improvement in peripheral RSVP reading compared with training on trigram letter recognition . Unlike the training with trigrams which used stimuli with a single, fixed duration, the sentence reading training used a range of exposure durations. Since the duration taken to process spatial information is a factor limiting reading speed, practice processing spatial information at various durations might have been the basis for the more effective training using the reading task. In the present study, we adopted trigrams, the typical stimuli used in other learning studies, as the training stimuli while varying their exposure durations from block to block.
Task difficulty plays an important role in determining the magnitude of perceptual learning (Green & Bavelier, 2006) and generalization/specificity of learning (Ahissar & Hochstein, 1997) . To maximize learning and its transfer, the training task needs to be ''just barely too difficult" (Green & Bavelier, 2006 ). Retaining a constant intermediate level of task difficulty is also recommended for the purpose of keeping the trainee motivated (Chermak & Musiek, 2002) . In addition, maintaining a constant performance level through manipulations such as decreasing exposure duration of training stimuli has been shown to be effective in increasing speed of processing (Ball, Beard, Roenker, Miller, & Griggs, 1988; Ball et al., 2002) . Here, we monitored the subject's performance on the training task and adaptively altered the stimulus exposure duration on a block by block basis to keep the task difficulty (performance) close to a pre-determined level.
In summary, the primary goal of this study was to evaluate a training paradigm designed to improve peripheral reading with the focus of speeding up letter recognition while maintaining an appropriate level of task difficulty during training. We hypothesized that the adaptive temporal training proposed here is more effective for enhancing reading speed in the periphery compared with the training using stimuli with a single presentation time.
Methods

Subjects
Fourteen normally-sighted young adults (ages from 18 to 22 years) were randomly assigned to either a control group or a training group (seven subjects per group). The sample size was determined using a power analysis so that a clinically significant change in reading speed of 40% could be detected with a power of 0.8 and alpha of 0.05. The subjects were all native English speakers and had no prior experience with the tasks used in this study. A consent form approved by the Institutional Review Board of the University of Minnesota was signed by each subject before the testing. The present study was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki).
Apparatus, stimuli, experimental design and data analysis
MATLAB (version 5.2.1) and the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) were used to generate the stimuli and conduct our experiments. The stimuli were displayed on a SONY Trinitron colour graphic display (model: GDM-FW900; refresh rate: 76 Hz; resolution: 1600 Â 1024), controlled by a Power Mac G4 computer (model: M8570).
All testing was carried out binocularly in a dimly lit room at a viewing distance of 40 cm. Stimuli were black letters on a white background (luminance of 89 cd/m 2 ) with a Weber contrast of À99%. Letters were rendered in lowercase Courier, a serif font with fixed width. A print size (defined as x-height) of 3.5°was used for all testing because this value is larger than the critical print size for reading at 10°eccentricity (Chung, Mansfield, & Legge, 1998) .
Pre-and post-test measurement: RSVP reading speed
The RSVP method was used to present sentences when measuring reading speed in the pre-and post-tests. In RSVP, words of a sentence are displayed sequentially one at a time at the same location (left justified) on the screen. Subjects fixated on a horizontal line while reading aloud sentences shown in the periphery. Two visual field locations, 10°eccentricity in the upper (untrained) and lower (trained) visual fields, were tested. A string of x's was presented before the first word of each sentence to indicate the location of the upcoming words and also after the last word of each sentence as a post-mask.
For each visual field location, the proportion of words read correctly was measured at five different exposure durations (26, 53, 118, 250 , and 526 ms per word) using the method of constant stimuli. Each exposure duration was tested with six sentences. Subjects were able to read more than 80% of words correctly at the longest exposure duration and less than 30% of words correctly at the shortest exposure duration. A Weibull function was used for fitting the data. Reading speed was computed from the exposure duration producing 80% accuracy.
Pre-and post-test measurement: Visual-span profiles
Visual-span profiles, plots of proportion correct letter recognition as a function of letter position, were obtained with a trigram letter-recognition task (Legge et al., 2001 ). The stimuli were trigrams (random strings of three lowercase English letters) presented at various letter positions left and right of the midline. Subjects identified all three letters of each trigram in a left-to-right order while maintaining their fixation at the center of the display. Fig. 1 shows examples of trigrams presented in the upper and lower visual fields and a visualspan profile. For each visual-span profile, letter positions are distributed along a horizontal line. The negative and positive numbers are used to label the position of the letter relative to the vertical midline. The position of each trigram is indicated by the location of the middle letter of the trigram. For example, trigram ''ldb", shown in Fig. 1 , is presented at letter position 0 at 10°in the upper visual field. The three letters are located at letter position À1, 0, and 1, respectively. For trigram ''oue", the three letters are at letter position 4, 5, and 6. Letter position 5 is the position of the trigram. We tested 11 trigram positions ranging from position À5 to 5. Sixteen trials were completed at each position. Each data point on the visual-span profile represents letter recognition accuracy calculated based on 48 trials in which the left, middle, or right letters of the trigrams were presented at the given letter position. Only the central 9 letter positions (À4 to 4) were analyzed because fewer trials presented letters at letter positions À6, À5, 5 and 6. Each visual-span profile was fit with an asymmetric Gaussian function defined by three parameters: peak amplitude, leftside standard deviation, and right-side standard deviation (Legge et al., 2001) . As shown in Fig. 1 , proportion-correct of letter recognition (the left vertical scale) can be converted to bits of information transmitted (the right vertical scale) using the equation: bits of information transmitted = À0.036996 + 4.6761 Â proportion-correct of letter recognition (Beckmann & Legge, 2002) . The size of the visual span was quantified by summing the amount of information transmitted across the nine letter slots. This calculation is similar to computing the area under the profile.
Training
Subjects in the training group completed four one-hour daily sessions of a trigram letter recognition task at 10°in the lower visual field. By varying stimulus exposure duration according to the subject's performance during training, we were able to train each subject at an approximately constant level of difficulty. Since there is no existing standard for how to select optimal task difficulty, we identified a range of training durations and a difficulty level for our adaptive procedure based on previous data. We established a performance level of 80% trigram recognition (computed as recognition accuracy averaged across the central 9 letter positions in a block of trials). We reanalyzed the RSVP training data from and found that the post-test duration yielding this level of performance was close to 150 ms. The maximum training-related improvement in RSVP reading accuracy also occurred for this stimulus duration. To ensure that the training covered the most improvable range of duration, we decided to concentrate the training close to the peak of the improvement, and set the long duration cutoff at 250 ms.
As training progressed and overall performance in trigram letter recognition improved, stimulus duration was gradually reduced to maintain a constant letter recognition accuracy (80%). The exposure durations available to use in training were 250, 158, 132, 105, 92, 79 and 66 ms (19, 12, 10, 8, 7, 6 and 5 frames). Subjects completed 16 blocks (11 letter positions Â 4 trials per position = 44 trials per block) of the trigram letterrecognition task in each training session. After each block, performance accuracy was calculated and used to select the exposure duration in the next block. Duration was kept constant for all trials within the same block.
We adjusted the exposure duration through implementing a one-up, one-down staircase procedure. Exposure duration went down to the next shorter duration on the list in the subsequent block of trials each time subject's performance exceeded the 80% criterion, and was increased to the next longer duration when performance failed to meet the criterion. For all subjects, training always began at 250 ms on training day 1. Each subject continued working on this duration until his/her performance reached the 80% criterion. For the other training days, exposure duration of the first block was always the same as the last duration trained on the previous day. In the previous spatial training studies (Chung et al., 2004; , learning curves reached a plateau after two to three days, therefore for the present study, we decided to adopt a total number of training trials approximately equivalent to three days of training as in . Each trained subject completed a total of 2816 trials (704 trials per day) of the trigram task during training. Subjects in the control group received no training.
Experimental design
To assess whether learning generalized to an untrained visual field location, we trained at 10°in the lower visual field but measured visual span and reading speed at 10°in both lower and upper visual fields before and after training. We also evaluated the possible transfer of learning across exposure durations by measuring visual-span profiles at two exposure durations (a trained and an untrained duration) in the preand post-tests. The two durations were selected based on previous studies and pilot data. Previous learning studies (Chung et al., 2004; used exposure duration of 105 ms to measure visual-span profiles. Our pilot data suggested that trained durations in the present study were likely to include 105 ms but not likely to include very short durations such as 39 ms. Therefore, we considered 105 ms as a trained duration and 39 ms as an untrained duration, and used these two durations to evaluate the possible transfer of learning across exposure durations.
In the pre-test, subjects completed 4 blocks of the RSVP reading task, 2 blocks for each visual field with a total of 60 trials. These were then followed by 16 blocks of the trigram letter-recognition task, 4 blocks for each combination of visual field location (upper and lower) and exposure duration (39 ms and 105 ms) with a total of 704 trials. This testing sequence was reversed in the post-test. For each task, a pseudorandomized block sequence was used to minimize any sequencing effects. Practice trials (10 for RSVP and 44 for trigram task) were given at the beginning of each session and were excluded from data analyses. The control group participated in the same pre-and post-tests but did not participate in any lab sessions in-between.
Subjects' eye positions were monitored through direct observation throughout the experiment by a second experimenter who could reliably detect eye movements as small as 1.5° (Fogt, Baughman, & Good, 2000) . About 9% of RSVP reading trials were cancelled due to the detection of vertical eye movements. We discarded and replaced 1.4% of trigram trials containing eye movements. Fig. 2 displays block-by-block (left panel) and day-by-day (right panel) changes in performance accuracy for the group average (see Appendix for individual subjects' training data). By adjusting stimulus duration on a block by block basis, task difficulty was maintained at roughly 80% performance accuracy. Specifically, the average letter recognition accuracy was 75% on the first training day, gradually improved as training progressed, and was 78% on the last training day. There was a significant lapse in training benefit between training days 1 and 2 (3.45 ± 0.92 bits; calculated by subtracting visual-span size for the last block of day 1 from the one for the first block of day 2), t = À3.75, p = 0.01, but not between the other training days. This result, consistent with previous observations in the same age group , suggests that learning becomes more stable as training progresses.
Results
Adaptive changes across training
We also examined the changes in adaptive exposure duration across training for each subject (Fig. A2 ) and for the group average (Fig. 3) . Training always started at 250 ms. In order to maintain a constant letter recognition accuracy, stimulus duration was progressively reduced. As shown in Fig. 3 , the average trained exposure duration was 217 ms on training day one, and gradually reduced to 142 ms on day four. Data were fitted with a straight line with a slope of À25 ms/day or 1.6 ms/block. In other words, it took subjects 25 ms less time to process the same amount of information after each training day. In the trained (lower) visual field, we were able to estimate the exposure duration required to obtain 80% reading accuracy for both the pre-and post-tests. We found that the average threshold duration for reading was 278 ms before training and 196 ms after training. The amount of reduction in word processing time was 82 ms (about 21 ms/day averaged across 4 training days), which is close to the learning rate observed in the letter recognition training. During training, subjects were exposed to three to seven different exposure durations, based on the adaptive staircase (Fig. A2) . All except one trained subject (T3) were tested with the exposure duration of 105 ms (for 1-18 blocks). None had practiced at 39 ms. Therefore, we can consider 105 ms as a trained duration and 39 ms as an untrained duration. By comparing pre and post performance, we can examine whether or not visual span had similar increase at the trained and untrained exposure durations.
Post-pre difference comparisons between the training and control groups
Visual-span size was analyzed using a repeated measures ANOVA with group as the between-subject factor. Three withinsubject factors were test condition, visual field location and exposure duration. The ANOVA revealed three main effects (test condition, exposure duration, and group), two two-way interaction effects (test condition Â visual field and test condition Â group), and a three-way interaction of test condition, visual field and group. To interpret the interactions, post hoc tests were performed. As shown in Fig. 4B , although both groups showed significant increases in visual-span size, F(1,12) = 79.4, p < 0.0005, visual span increased more in the training group than in the control group, F (1,12) = 24.2, p < 0.0005. The training group (but not the control group) improved more in the trained (lower) visual field than in the untrained (upper) visual field (Fig. 4B and Table 1 ), indicating partial transfer of learning across visual field, F(1,12) = 14.9, p = 0.002. Visual-span size was, on average, larger for 105 ms (23.8 bits) than for 39 ms (14.8 bits), F(1,12) = 628.3, p < 0.0005. However, no interaction effect of exposure duration and test condition emerged on visual-span size, suggesting a similar trainingrelated improvement occurred for the two durations tested in the pre-and post-tests.
Log reading speeds were used in the analysis so that equivalent post-pre changes in reading speed represent the same percentage changes in raw data. A repeated measures ANOVA was used to analyze log RSVP reading speed. The within-subject factor was test condition (pre-and post-tests) and visual field location (lower and upper visual fields). The between-subject factor was group (control and training groups). We found a significant interaction effect between test condition and group for log RSVP reading speed, F(1,12) = 6.97, p = 0.02. As shown in Fig. 4A and Table 1 , subjects in the training group showed significant post/pre improvements in RSVP reading speed while those in the control group did not. There is also an effect of visual field, F(1,12) = 4.99, p = 0.045. In general, reading speed was faster in the lower visual field (for instance, 227 wpm, averaged across the two groups in the pre-test) than in the upper visual field (207 wpm).
As shown in Fig. 5 , we also examined the transfer of learning to reading accuracy across various durations. In the present study, although the enlargement in visual span was transferred to an untrained duration of 39 ms, the improvements in reading performance were observed only near the trained durations (110 and 250 ms; ps < 0.05).
Correlations
We examined the correlation between the post-pre improvement in RSVP reading speed and the post-pre improvement in visual-span size across all the fourteen subjects, and found significant correlations for both visual field locations and both exposure durations (0.54 r 0.86, ps < 0.05). We also assessed the correlations between pre-test performance and post-pre improvement for the size of the visual span and reading speed in the training group. As shown in Table 2 , all correlations are negative and almost all are statistically significant. The findings of negative correlations are in agreement with many previous perceptual learning studies (Astle, Li, Webb, Levi, & McGraw, 2013; Baldassarre et al., 2012; Fahle & Henke-Fahle, 1996; Tarita-Nistor, Brent, Steinbach, Markowitz, & González, 2014) and suggest that subjects with poorer starting performance are more likely to benefit from training.
For instance, Fig. 6 shows the negative correlations between the pre-test reading speed (log-transformed) and the post-pre improvement in reading speed for both upper and lower visual fields. Based on the best fit line for the trained visual field, subjects with a pre-test reading speed of 150 wpm can attain 75% improvement following the four daily one-hour training sessions. However, subjects who read at 200 wpm before training can only improve about 50%. For subjects who can already read at 300 wpm prior to training, our four-day training program may provide little benefit. Overall, subjects who have a higher starting level end up still a bit higher in performance after training than the subjects with the lower starting levels.
Discussion and conclusion
Both spatial and temporal processing play an important role in reading. Since the speed of letter processing is significantly impaired in people with central-field loss (Cheong et al., 2008) and the slower processing speed is associated with reduced RSVP reading speed (Cheong et al., 2007) , training for improving peripheral reading speed may be more effective if it is designed to focus on improving temporal processing. We tested a modified perceptual-learning procedure intended to boost the speed of letter recognition in peripheral vision. This adaptive procedure resulted in faster letter recognition. We hypothesized that lower temporal thresholds for letter recognition would transfer to greater improvements in reading speed following training. However, the magnitude of improvement we found in RSVP reading speed (41% in the trained field) was similar to improvements found previously (41-66%) (Chung et al., 2004; He et al., 2013; Lee et al., 2010; . We acknowledge that the comparison may not be entirely accurate because of the differences in experimental details across the studies. Consistent with previous findings (Chung et al., 2004; He et al., 2013; Lee et al., 2010; , the training effect transferred to an untrained visual field location for both RSVP reading speed and visual-span size. The transfer of learning across retinal locations was incomplete for visual-span size, indicating that the neural basis of the training may occur at both retinotopic and nonretinotopic levels of the visual pathway. As suggested by Yu, Jiang, Legge, and He (2015) , the neural bottleneck for slower reading with peripherally presented text likely spans multiple cortical stages, from the early retinotopic cortical representation to the object category selective cortex.
The two features of the modified training-variable stimulus durations rather than a fixed duration, and focusing the training on an intermediate level of difficulty-did not result in amplified transfer to reading. What are the implications of this finding?
First, the transfer of the learning (increased speed of letter processing) to reading may be determined by something other than the number of trained exposure durations. The adaptive temporal training concentrated most of the trials in durations close to the fixed values used in the previous spatial training studies (about 100 ms (Chung et al., 2004; and 200 ms (He et al., 2013; Lee et al., 2010) ). It may be that trained exposure duration within a particular range is a key determining factor for training benefits. The similar amount of learning attained in both training methods indicates that the fixed durations may have already been well chosen.
Second, the training was intended to, but might have failed to focus on a proper level of difficulty to maximize learning and its transfer. The average block-by-block trained exposure duration was between 250 ms and 120 ms. Some of the previous studies that showed similar benefits from learning (Chung et al., 2004; ) adopted a shorter exposure duration (about 100 ms) throughout the training in which the level of task difficulty is obviously higher. It is possible that the adaptive criterion of 80% letter recognition did not make the task difficult enough to promote greater perceptual learning.
We matched the number of training trials to the amount of training required to reach asymptote in the previous studies (as discussed in the Methods). As shown in Fig. 3 , the trained exposure duration monotonically reduced with training in a linear fashion, suggesting that we did not have enough trials to reach asymptote in the current training. It remains possible that additional sessions of adaptive temporal training would have yielded faster reading in the post test.
Our current study focused only on the perceptual deficit in reading with peripheral vision. However, both perceptual and oculomotor factors may play an important role in peripheral reading and are relevant to rehabilitation. When studying oculomotor factors affecting reading, perceptual span instead of visual span may be considered. Perceptual span is a concept similar to visual span but incorporating the spatial area influential to eye movements in page reading (McConkie & Rayner, 1975) . Recent studies have shown that speed of eyemovement based reading in patients with central-field loss is limited by the size of the perceptual span (Crossland & Rubin, 2006) , which is fully mediated by the total number of fixations (Calabrèse, Bernard, Faure, Hoffart, & Castet, 2014) . Although we did not evaluate whether the improvements following the current training transfers to eye-movement-mediated reading, a previous study (Nguyen et al., 2011) showed favorable results. Nguyen and collegues found that training patients with centralfield loss using RSVP reading leads to improvements in page reading.
The present study shows that adaptive temporal training using a trigram letter recognition task can improve peripheral reading speed of normally-sighted young adults presumably by increasing both the amount and the speed of information transmitted through the visual span. In daily page reading, the improvement may be reflected as an increased number of letters recognized accurately per fixation and shorter fixation duration. Despite being no more effective for improving peripheral reading than the previous training, the adaptive training method could still be useful for people with central-field loss. This clinical group has a high degree of inter-individual variability in their ocular conditions and may benefit more from individualized training. Our finding that training benefits are greater for subjects with lower pre-training reading speeds may indicate that this type of training would be more useful for patients with lower reading speeds. In addition, it remains possible that with extended training and/or using shorter exposure duration(s), this version of training would prove more advantageous in older subjects or those with AMD. Methodologically, future studies may consider to adopt mediation analysis (Calabrèse et al., 2014) to help identify additional factors contributing to the effectiveness of training.
